Inocutis dryophila (Berk.) Fiasson & Niemela (lnonotus dryophilus (Berk.) Murr.) is a circumboreal polypore of the North Temperate Zone, mainly occurring on living oaks (Ryvarden and Gilbertson 1993) . Fiasson and Niemela (1984) placed the fungus in the family Inonotaceae of Hymenochaetales. They transferred the species from lnonotus to the new genus Inocutis together with lnonotus rheades (Pers.) P. Karst. and Inonotus tamaricis (Pat.) Maire, which also possess a duplex trama with a grainy, marmorated core. For detailed description of the morphology and characteristics of the species see Gilbertson and Ryvarden ( 1986) as well as Ryvarden and Gilbertson (1993) .
In the U.S.A., I. dryophila is a major cause of decay in several species of Quercus (Hepting 1971 ) , and it was reported to be particularly destructive in the Southwest and on the Pacific Coast (Boyce 1938) . In these parts and in some of the southern states the majority of living oaks representing 14 different species were so badly decayed or hollowed by I. dryophila that they were of no use except for the low quality fuel (Hedgcock & Long 1914) . More recent studies in central U.S .A. revealed the presence of the fungus in 1.4lfo of3000 living oaks examined (Berry &Lombard 1978) .
In Europe, the species is usually found on Quercus petraea (Matt.) Liebl. and Q. robur L. , and sometimes on other hardwoods such as Eucalyptus and Fraxinus (Kotlaba 1984 , Ry arden & Gilbertson 1993 . In Europe, I. dryophila is generally regarded as a rare fungus (Breitenbach & Kranzlinl986) .1ts rarity was noted particularly in countries situated in northern and central parts of the continent: Sweden (Ryman & Holmasen 1991) , Finland (Niemela & Kotiranta 1982 , Kotiranta & Niemela 1996 , Estonia (Parmasto 1993) , Latvia (Rafalovich 1967 , Smarods 1953 , Lithuania (Mazelaitis 1976 , Gricius & Matelis 1996 , Belarus (Komarova 1964 ) , Poland (Domanski et al. 1973) , Czech Republic and Slovakia (Kotlaba 1973) , and Germany (Jahn 1979) . The fungus has not been found in Denmark and Norway (Sunhede 1997) . Therefore, I. dryophila is red-listed in Sweden, Finland, Poland, Germany (Sunhede 1997) , and Lithuania (Balevicius et al. 1992) .
From some of the mentioned countries there are reports that I. dryophila may sometimes appear as an economically important forest pathogen. Aufsess (1973) reported that due to the frequent occurrence and strong destructive ability of I. dryophila , the fungus might be regarded as a serious pathogen of oak in some parts of Germany. According to Cerny (1989) , over 5% of the oaks were infected by the fungus in certain parts ofthe Czech Republic and Slovakia, causing serious loss in wood production. Previously, I. dryophila had only been found twice in Lithuania and was regarded as very rare (Mazelaitis 1976 , Gricius & Matelis 1996 . However, a recent study concentrating exclusively on oak stands, revealed 22 new finds in Lithuania (Sunhede & Vasiliauskas 2003) .
In general, the fungus seems to be very rare throughout the western parts of Russia and adjacent countries (Bondartseva & Parmasto 1986) . Bondartse (1971) also noted only scattered occurrence of I. dryophila in western parts of European Russia, but an increasing frequency towards the east. In fact, I. dryophila was reported as one of the most important decayers of li ing oak in the Tula region 200 km south of Moscow, where it was found on 1.7% of trees in middle-aged and premature stands (Granatov 1973) . Early studies, conducted about 800 km further eastwards, had revealed that 25% or even 70-80% the of oaks were infected by the fungus in stands along the river Volga (Vanin 1929 , Vakin 1932 . A frequent occurrence of I. dryophila in oak stands of Volga basin was later confirmed by Yupina (1987) and Churakov ( 1992) . They also claimed I. dryophila to be one of the most important decayers of living oak in the region .
By contrast, only scattered finds of I. di)Dphila have been reported from parts of Europe bordering Asia, as in southern Ural (Stepanova-Kartavenko 1967) and Trans-Caucasia (Melik-Khachatryan & Martirosyan 1971 ) . In Asia, according to available data, this species seems to be ery rare. The fungus is not known from China and Pilat's (1940) report is based on an misidentification (Dai et al. 1997) . During the studies of wood-inhabiting fungi in the Russian Far East, the species was only found once in Southern Sakhalin (Lyubarskiy & Vasilyeva 1975) .
Despite the importance of I. dl)·ophila for nature conservation and/or forestry in many countries, data regarding its ecology and decay patterns are scarce. The aim of the present study is to add detailed information on the ecology, decay patterns, population structure, biology, and silvicultural significance of the species.
Material and methods
During the field work in Lithuania 5455 trees and 742 stumps of felled trees of Quercus robur were studied, wi th special emphasis on Jnocutis dryophila. Position and number of basidiocarps of the fungus on the oaks, damages on the trees, and the diameter of the stem ( 1.3 m above the ground) \ ere registered. The collections of I. dryophila in the herbarium BILAS at the Botanical Institute in Vilnius were also examined.
In a special study, six trees of Quercus robur attacked by the fu ngus , were felled in the Pane ezys Region of Lithuania (in places where other host trees could be left intact). After general regis trations (cf. above) the trees were cut with a chainsaw, thus enabling study of rot distribution and sampling of decayed wood for cu lti vation of vegetative mycelia. The procedure followed Sunhede and Vasiliauskas (2002) except for counting of tube layers in the basidiocarps. In addition, tree roots were sectioned to make it possible to follow a descending rot in one case. Characteristics of the felled trees are presented in Table 1 .
From different parts of the decay columns isolates of I. dryophila were obtained. The number of samples varied between two to thirteen (29 in total , or 5 per tree on average) . The mycelia were used for vegetati e incompatibility tests to see if one or several individual mycelia (genets) were present in the same trunk. Self-compatibility tests and te sts with mycelia from different sections and trees (from the same or distant localities) were made to study non -co nfrontation and confrontati on zones. The results of the compatibility tests were compared with field observations of the decay in the sectioned trunks . Ana lysed trees were 120-180 years-old, all living except number two.
One genet of the fungus was observed in each analysed tree.
Results

DISTRIBUTION
We found Inocutis dryophila on oak trees with a diameter between 0.3 and 1.0 m. Trees were located in central and southeast Lithuania, in the districts of Alytus , Kaunas, Panevezys, and Vilnius. The species was found in pure oak stands, mixed deciduous woods, in a wooded meadow, and in a park.
BASIDIOCARPS
Basidiocarps were found on 22 (0.4%) of the 5455 oaks investigated. All host trees were living except one dead, standing trunk with strongly decayed wood (Figs 1, 2) . No basidiocarps were found on the 742 investigated stumps from felled oaks. Basidiocarps were observed from 0.7 to 12.5 m above the ground on the standing tree and once on a thick, fallen branch. They occurred on barkclad wood, on healing wounds, or at the base of dead attached branch-stubs. Only one or two basidiocarps of the season were found on each tree (Fig. 1) . However, the annual basidiocarps remained partly intact to the next season and remnants (especially the hard core of the duplex trama) were found to persist for a longer time.
DECAY OF SECTIONED TREES
The following description of decay is based on the observations of cross-and longitudinal sections of the trunks , branches and roots.
The first indication of Inocutis dryophila in cross-sectioned wood are ± distinct, dark spots on wood as hard as the surrounding tissue. Within these dark areas small whitish spots or strands appear (Fig. 4: arrows) . In time, the whitish spots and strands of decayed wood increase in size mainly following the early wood of the annual rings. Decomposition of xy !em rays and part of late wood also occurs. Separate, decayed parts later merge together, forming a mottled (marbled) pattern of soft whitish and hard dark wood (Fig. 4) . The wellestablished mycelium forms ± broad, concentric rings of decayed wood in the ± unaffected wood from the centre of the trunk to the border of the splint wood. In longitudinal section the wood at this stage shows whitish prolonged spots or strands of cellulose together with moist, hard, darkbrown wood (Fig. 3) . In late stages of decay the whitish pattern of cellulose disappears and the rot becomes brownish consisting of rather fragile, long strands or flakes of wood remains (Fig. 2) . Decay was observed both in the centre of the trunk growing towards the splint wood (Fig. 4) and in the periphery of the heartwood growing towards the centre of the stem. The decay advanced both upwards and downwards from the infection site. In two trees the decay reached the base of the stem and continued out into the thick roots (Fig. 7) . In trunks with a late stage of rot almost all wood was strongly decayed except for a thin layer of sapwood next to the bark (Fig. 2: s) . The vertical extension of the decay columns varied between 4.8 and 11.0 m ( Table 1 ) . We have also observed decay in thicker branches.
Four of the trees infected by lnocutis dryophila were also attacked by Phellinus robustus (Bull. : Fr.) Karst. In one of these trees the different rots occurred side by side in well distinguished rot columns (Fig. 8) .
MYCELIA AND GENETS
In cultures on Hagem agar, the vegetative mycelium grew both along the surface and submerged. The aerial mycelium was cottony with depressed centre, whitish to pale ochraceous . The submerged mycelium advanced faster than the aerial.
In self-compatibility tests the compatible mycelia merged and no borderline was formed between the two isolates (based on 53 pairings; Fig. 6 ). There was no change in colour of the agar but it turned brownish along the periphery (Fig. 6) . When incompatible mycelia met, a distinct confrontation zone developed as a ditch with elevated margins and it became distinctly rusty red (based on 45 pairings; Fig. 5 ).
Confrontation tests among mycelial isolates from a single rot column showed no confrontation zone (based on 125 parings) and were identical to the self-pairings of the same mycelium. When mycelia from different trees were confronted with one another, all pairings showed a distinct confrontation zone. These results indicate that each rot column consisted of a single genet and that the rot columns in different trees represented different genets.
Discussion
During the work basidiocarps of I. dryophila were found at the bases of attached remnants of dead branches or on healing branch stubs. This indicates that dead branches are the main entrance of the fungus into the host tree, which is in accordance with the observations of several other authors (Hedgcock & Long 1914 , Bondartsev 1971 , Cerny 1989 . For example, Berry and Lombard ( 1978) found that among totally 13 infections of I. dryophila, 11 (85 %) were associated with branch stubs or broken branches, and only two with damaged or dead tops . Consequently, the decay was in most cases situated in the upper portion of the trunk (Long 1913 , Hedgcock & Long 1914 , Boyce 1938 . Berry and Lombard (1978) reported that only one out of 13 infections occurred in a butt, the remaining 12 (92%) being located higher up in the trunk. This is well in line with our data. The decay at stump level was observed in 2 out of 6 trees examined (or 33 %). In both these cases the column was stretching up to 10-11 m high along the stem (Table 1) .
In contrast, data obtained in central parts of Russia indicate a somewhat different behaviour of the fungus. In trees examined by Granatov ( 1973 ) , the decay column was most often situated at the lower part of the stem: in 59% of the cases it was found within the lowest quarter reaching the stump level in 61 % of the examined trees. According to the author, the infections were often taking place through frost cracks located at the butt. He also explains the high frequency of the fungus (see Introduction) by the common occurrence of winter frosts in the region, down to -40 ac. Other Russian studies also indicate that mechanical damage on the lower part of a stem might be an important infection route for /. dryophila. Thus, in studies by Yupina (1987) and Churakov (1992) , the occurrence of I. dryophila in oak stands was positively correlated with damages caused by recreational and other anthropogenic impact. Also Hedgcock and Long (1914) pointed out that the fungus might enter trees through the basal wounds.
It has previously been reported that following the penetration into the stem I. dryophila spreads rapidly in all directions. Bondartsev (1971) noted that the decay column might be over 6 m long and spread all over the cross-section of the trunk, except a thin layer of sapwood. This is in line with our observations (Figs 2, 7) . However, our work has revealed a much larger length of I. dryophila decay, often exceeding 8 m along the tree trunk (Table 1) . Also, each of the extensive decay columns comprised only a single individual of the fungus . We may conclude that /. dryophila in many cases represents a large fungal organism, which with its physical boundaries is able to occupy several cubic meters of wood. The presence of one genotype of I. dryophila per infected tree also indicates that the access for the fungus into the stem is rather restricted. This observation has previously been made in old oaks infected by Laetiporus sulphureus (Bull.: Fr.) Murr. (Sunhede & Vasiliauskas, unpublished) , and (in most cases) by P. robustus (Sunhede & Vasiliauskas 2002) . In contrast, several genotypes of Phellinus tremulae (Bond.) Bond. & Boriss. were usullay found to inhabit a single stem of aspen (Hoimereta!. 1994) .
Some authors note that I. dryophila is a parasite of living trees (DomaDski eta!. 1973 , Jahn 1979 , Gricius & Matelis 1996 . However, Boyce (1938) and Bondartsev (1971) emphasized that the fungus is not capable of in ading the sapwood and that the decay caused by the fungus is confined to heartwood of living oak. Interestingly, Cerny ( 1989) indicated that also the sapwood was attacked, leading to decrease in increment and crown decline. This was not observed during our work. I. dryophila decayed the dead heartwood, leaving the sapwood and cambium intact (Figs 2,  7) . Therefore, the main pathological consequence of an I. dryophila attack seems to be that a large portion of the attacked trunk is turned into low quality wood (Hedgcock & Long 1914 , Bondartsev 1971 .
According to Granatov (1973) , the average volume of the decay column of I. dryophila in trunks of oak was estimated to 0.110 m 3 , and was about two and four times higher than that caused by L. sulphureus and P. robustus, respectively. Therefore, I. dryophila attacks led to the highest loss of saw timber-on a erage 0.276 m 3 per stem, or 54 % of its total timber volume; for P. robust us, the corresponding figures were much lower, 0.177 m 3 and 36 % (Granatov 1973) . AlsoAufsess (1973) concluded, that I. dryophila should be regarded as a far more destructive pathogen of oak than P. robustus. The results of our work indicated the same. As presented in the Table 1 , the mean length of I. dryophila decay in this study was 8 m. In a similar work carried out by us on P. robustus and L. sulphureus, the average length of decay columns was 3.3 and 2.5 m, respectively (Sunhede & Vasiliauskas 2002, unpublished) . Granatov (1973) reported that in oaks attacked by I. dryophila, volume of decay column as well as volume of the degraded wood were positi ely correlated with the diameter ofthe tree (r = 0.62; p < 0.01). In our work, correlation between the stem diameter and length of decay in 5 living stems (Table 1) , although positive, was low (r = 0.34) and statistically non-significant. More data pairs are therefore required to elucidate a possible correlation between those parameters. Boyce (1938) noted that decay might sometimes continue to develop slowly for some years after an infected tree dies . Although Hedgcock and Long (1914) usually found fruitbodies on living oaks, in some cases the fruitbodies were also observed on stems and larger branches of trees which had been cut for at least three years, and in one instance the fruitbody was found growing directly on the top of an old stump. They concluded, that the fungus apparently continues to grow slowly in the infected trees after cutting, but rarely fruits under such conditions. Results of the experiment by Hepting and Roth (1950) supported this: when living oaks with fruitbodies were cut, no fruiting was observed for more than 10 years. These data agree with our results, where fruitbodies were observed to fruit on recently, dead substrate in only two out of 22 cases (a trunk and a fallen branch, respectively). Davidson eta!. (1942) described the rot of I. dryophila as "white piped rot" . The decay in Fig.  3 shows whitish strands of cellulose, which may be removed by a pincer leaving empty "pipes" of various length and shape. Under laboratory conditions, I. dryophila grows well on dead wood and starts to decompose the lignin component in the cell walls soon after infection: in five months the fungus decomposed over 30 % of the wood material (Aufsess 1973) . The ability of delignifying dead wood growing on some other hardwoods, such as Eucalyptus and Fraxinus (Ryvarden & Gilbertson 1993) , may contain the potential for its use in a biological pulping process (Otjen & Blanchette 1982) . In late stages of decay, the wood turn brownish (Fig. 2) . Gilbertson and Ryvarden (1986) and Ryvarden and Gilbertson (1993) noted that conspicuous brown mycelium of I. dryophila develops in the decayed wood in the later stages of decay. That was not obser ed in our material. KARSTENIA 43 (2003) FORESTRY ASPECTS Host trees with I. dryophila often look healthy. The annual basidiocarps might be overlooked as they are rather dull-coloured, often situated high up on the trunk, and do not show up every year. In order to reduce the decay losses, the removal of stems with fruitbodies of l.dryophila had been suggested (Hedgcock & Long 1914 , Granatov 1973 , Cerny 1989 . However, as indicated by our study, trees with fruitbodies have already a well developed rot column in the stem, making removal by sanitary felling not economically feasible . According to Granatov (1973) , I. dryophila more often attacks trees of lower quality. Moreover, the fungus is rare in Lithuania and thus of almost no economic importance to the forestry.
The fungus was red-listed in Lithuania by Balevicius et al. (1992) based on two known sites (Mazelaitis 1976) . Our new finds show that the species is more frequent than earlier believed in Lithuanian oak woods, although still regarded as rare. The species is still care demanding and we recommend host tree with I. dryophila to be saved in Lithuanian forests .
